was completed before the 1970s. It focused largely on hardinggrass (Phalaris aquatica L.) (Kay 1969; Love 1951; Love et al. 1953; McKell et al. 1966; Miller et al. 1953; Miller et al. 1957; Stebbins 1950) . The vast majority of other forages tested during that time failed, including other species of Phalaris, Idaho fescue (Festuca idahoensis Elmer), varieties of orchardgrass (Dactylis glomerata L.) and tall fescue (Schedonorus arundinaceus (Schreb.)).
Since that time, many forage varieties and species have become available but have not been experimentally tested. Most have been tried at the ranch level with results never reported. In one of the very few recent studies, Adams et al. (1999) compared the production of the nonnative perennial Berber orchardgrass to accessions of four California native perennial grasses. Except for a site characterized by a coastal influence, they found Berber to be 50% more productive (pounds per acre) than the average of the resident native perennials. Unfortunately, this is the only published rainfed trial in California foothill rangelands documenting forage production and cover comparisons since the 1970s. As a result, land managers lack data-driven recommendations of forage species and cannot adequately assess the efficiency or cost effectiveness of seeding.
Seeding forage and weed control
In addition to increasing forage production, seeding desirable forages may also suppress or prevent weed invasions. For example, James et al. (2015) found that combining forage seeding with other management approaches resulted in higher overall control of medusahead (Elymus caput-medusae L.) than using conventional control methods (prescribed fire, grazing, etc.) 
in isolation.
Intermountain trials with pubescent wheatgrass (Elytrigia intermedia) seedings have also proven successful for preventing yellow starthistle (Centaurea solstitialis L.) invasion (Enloe et al. 2005) . The authors suggest that the perennial grass's late spring and early summer growth period coincided with the water use and growth period of starthistle, and that the grass grew faster and gained competitive dominance for the limited late-season water supply. It did not appear that winter shading of emerging thistle seedlings was a competitive factor because pubescent wheatgrass lacked active winter growth, not differing in cover from the control until later in the season. Other research has found success in seeding both pubescent and crested wheatgrass (Agropyron cristatum (L.) Gaertn.) for weed suppression (Blank et al. 2015; Rose et al. 2001; Whitson and Koch 1998) .
The utility of forage varieties in suppressing other species is likely specific to the climate in which they are grown. For example, in some cases, wheatgrasses have been shown to be ineffective in suppressing invasive annual grasses, because wheatgrasses lack winter season growth, which is needed to shade out the annual grasses (Borman et al. 1991; Roche et al. 1997) .
In a maritime/Mediterranean climate in Oregon, Borman et al. (1991) reported that established stands of Berber orchardgrass were able to prevent the invasion of annual grasses. The authors noted that the perennial grass species that were most successful at suppressing annual grass invasion were those, like Berber orchardgrass, that initiated growth early in the season and continued growth through winter, causing winter shading. This contrast in the ability of different desirable grasses to maintain dominance over other plants highlights the importance of localized research to help ranchers select forages for seeding. Borman et al. (1991) provided insight into the ability of forages to maintain a stand once established under a controlled, ideal environment; they transplanted grasses and allowed them to fully establish prior to any pressures of weed invasion. Our interest went further by evaluating the establishment process under a more common production scenario in a Northern California Mediterranean environment. Norton et al. (2014) demonstrated the ability of new varieties of summer-dormant hardinggrass and Flecha tall fescue to withstand significant dehydration, a factor during the rainless California summers. This highlights them as important potential forage candidates, though the specific varieties tested have not been formally evaluated in California.
Testing species in local conditions
Other research has provided a too broad, or not necessarily applicable to California, overview of forage variety candidates. For example, though they are commonly available in California, little is known about the long-term survivability of orchardgrass cultivars (such as Kara and Paiute orchardgrass, which are commonly marketed as dryland grasses), except for the variety Berber. Herbaceous broad-leaved species such as chicory (Cichorium intybus L.), forage brassica (Brassica napus L.) and plantain (Plantago lanceolata L.) have been evaluated for use as forages with varying degrees of success in Australia and the U.S. Northeast (Reed et Seeding of a forage test plot in Paskenta (Tehama County), California. Forage productivity has become an increasingly important element in sustaining livestock production as rangeland acreage declines in California --on average, almost 54,000 acres of farming and grazing land were lost each year from 1984 to 2010 Sanderson et al. 2003; Wiedenhoeft 1993) but not in California.
Up-to-date research that evaluates forage species for their ability to establish and survive in rainless summer conditions in Northern California does not exist. To address this limitation, we assessed the value of 22 types of forage for seeding, many of them not yet tested in California. We chose a group of forages that included different plant traits: native and nonnative, annual and perennial, summer dormant and winter dormant, broad-leaved species and grass species.
Two experimental sites, soil types
Trials were conducted in Paskenta, Tehama County, California, at an elevation of 725 feet, on alluvial soils. The two experimental sites were close in location but distinctly split by designations of Arbuckle and Tehama soil types (USDA NRCS 2015) . Both sites were on nearly level terrain. Soil testing at the time of seeding showed organic matter and cation exchange capacity of 3.5% and 13.2 in the Arbuckle soil, and 3.9% and 22.1 in the Tehama soil, respectively. At a depth of 0 to 39 inches, the Tehama soil can store more water than the Arbuckle series (6.97 inches and 5.37 inches, respectively), due to the higher gravel content of the Arbuckle series. Both soils had a pH of 5.7. Both soils are considered extensive in the northern Sacramento Valley, making result comparisons practical to soils in foothill rangelands classified as three or higher.
The climate is Mediterranean, with mild, wet winters and rainless, hot summers. The rainfall season generally begins in late October and lasts through May. No rainfall occurs during summer months. Paskenta has a 30-year average annual rainfall of 22.8 inches, though only in one of the five study years did rainfall reach that high. Growing season (July-July) rainfall totals were 24.07 inches in 2009-2010, 21.54 inches in 2010-2011, 15 inches in 2011-2012, 16.56 inches in 2012-2013 and 13 .32 inches in 2013 (Prism 2016 . Following the seasonal rainfall pattern, these rangelands are generally grazed as late fall, winter and spring pasture.
In 2014, the species cover in the control plot for both soil types averaged 36% medusahead, 16% yellow starthistle, 13% slender oat (Avena barbata Pott ex Link), 12% annual ryegrass, 6% ripgut brome (Bromus diandrus Roth), 6% soft chess, 4% hare barley (Hordeum murinum L. subsp. leporinum (Link) Arcang.), 1% filaree (Erodium cicutarium (L.) L'Hér. ex Aiton) and 1% rose clover (Trifolium hirtum All.).
Seeding the plots
The two trials were randomized complete block designs, on different soil types, with three replicates. Seeding included 22 types of perennial and annual grasses and herbs with unseeded controls ( The annual herb Winfred forage brassica should be considered a single-season crop due to its lack of seed production.
Plots were seeded in early December using an 8-foot-wide Truax Flex II grass drill (Truax Co., New Hope, MN) with an 8-inch row spacing. Seeding rates were based on the recommendations of seed suppliers (table 1) . Prior to seeding, weeds were controlled with applications of glyphosate at 2 pints per acre (Roundup WeatherMax, 1.125 pounds acid equivalent per acre). All plots seeded with grasses (but not herbs) were sprayed in late February after seeding with a combination of 2 pints per acre of 2,4-D (Weedar 64, 0.95 pound acid equivalent per acre) and 1 ounce per acre of carfentrazone (Shark EW, 0.015 pound active ingredient per acre) to control broad-leaved weeds in the seeding year only. The herbicides eliminated all broadleaved weed competition from the grass plots during their seedling year. Since all the plots were in a large pasture with a high proportion of both broad-leaved and annual grass weeds, reinvasion potential was uniform across treatments and soil types.
The perennial forages that survived were generally fully established in the second season after seeding. Perennials were considered established when they could not be manually pulled from the ground. Annual forages were considered established in the spring following seeding. Twelve species were seeded in 2009, seven more varieties became available and were seeded in 2010, and three more were seeded in 2012 as they became available.
Cover, productivity data collection
Annual spring basal cover data was collected at peak standing crop, generally in early June. A total of 10 square-meter quadrats per replication were marked out at intervals of 15 feet, in the center of each plot to reduce edge effects. Quadrat measurements included percentage basal cover estimates of seeded species, nonseeded species and bare ground. In 2014, we added measurements of annual grass and yellow starthistle (Centaurea solstitialis L.) cover, and we recorded the entire species composition of the control plots. At the center of each square-meter quadrat, the number of seeded plants in a 1-square-foot quadrat were counted.
In 2010 and 2012, production of the seeded forage plants (not of any other plants present) was measured in each 1-square-foot quadrat using the comparative yield method (George et al. 2009 ). In 2014, production was measured in every other 1-foot-square quadrat, for a total of five quadrats per replication, with the intention of determining smaller differences in biomass between forages. Again, only the seeded species in each quadrat was clipped and weighed. In the control plots, in both cases, all species were included in production measurements. Samples were weighed and recorded after being oven dried at 130°F for 36 hours. Final weights were recorded when samples were considered fully dry, the point at which weights no longer continued to decrease with drying. 
Perennial grasses
Orchardgrass ( 
Grazing periods
All plots were grazed annually, toward the end of the dormant summer season to prevent thatch buildup. Grazing was completed concurrently on each site using 15 nonlactating beef cows for 2 to 5 days depending on the amount of forage present in each plot. Grazing ceased when forage was estimated to be approximately 500 pounds per acre dry matter during each event.
Since grazing continued until all plots were grazed to a uniform level, estimates of animal preference for particular forages was not credible, but equal comparisons of forage persistence after grazing were possible because they were all grazed equally. In 2011 and 2013, all plots were flash grazed in late winter and again in spring prior to data collection, so we did not measure forage production in those years. In these two seasons, grazing ceased 30 to 45 days before cover monitoring to allow potential seed production of annuals, as well as perennial plant recovery and survival of the summer dormant season (Cullen et al. 2005; Ogden and Loomis 1972) . Grazing the plots during the growing season allowed us to evaluate their resilience to grazing, which is an important component in their potential applicability to improve grazed rangelands.
Data analysis
Because cover data was collected systematically each year (and the production data in only two of the years), we focused our analysis on the cover data. We started with a generalized linear mixed model (GLMM, Poisson distribution) to investigate the contribution of species variety and soil type (Arbuckle and Tehama) on percentage cover. To address differences in environmental conditions across seeding years, varieties seeded in 2009 and 2010 were analyzed using different models. Varieties seeded in 2012 failed to establish and were thus excluded from further analysis. The model for species seeded in 2009 included the fixed factors of seeded variety, life cycle (annual or perennial) and soil type, as well as random factors subplot (n = 10) nested in replicate (n = 3) and year monitored (to account for repeated measures).
Results from the 2009 variety model suggested that data describing annuals and perennials should be investigated separately. Subsequently, we developed two models on the 2009 seeded species data -one for annual species only and one for perennial species only. Each of these models included the fixed factors of seeded variety, year monitored and soil type, as well as random factors subplot nested in replicate. The model for species seeded in 2010 included the fixed factors of seeded variety, year monitored and soil type (only perennial species were seeded in 2010, so we did not need to include life cycle as a factor), as well as random factors subplot nested in replicate.
In the field, it is sometimes suggested by range professionals and ranchers that the percentage of bare ground, rather than weed cover, most affects perennial grass spread (i.e., greater cover) or establishment. To understand the strength of the relationship between percentage cover of forage species and bare ground and between percentage cover of forage species and weeds, we conducted correlation tests. The data was again sep- 
Results
Soil type did not contribute to significant differences in cover across varieties seeded in 2009 (p = 0.25) or for varieties seeded in 2010 (p = 0.12). However, some varieties demonstrated idiosyncratic differences in cover in response to the different soil types through time. For example, the orchardgrasses Berber and Paiute both demonstrated significantly lower cover on Tehama soil than on Arbuckle soil (a 15% difference in cover for Berber and a 28% difference in cover for Paiute). There was also no difference between the cover of annuals (mean cover = 40.73%, SE = 12.8) and perennials (mean Established Berber orchardgrass (May 2013). By 2014, the Berber grass plot was almost 3 times more productive than the unseeded control plot. In addition, of the three orchardgrass varieties tested, only Berber survived the hot, dry summer.
Gulf annual ryegrass established vigorously during its seeding year (April 2010).
Tonic plantain, a perennial herb, at the end of the first growing season. Trial results suggest that the herb species are best utilized as short rotations before another crop or when high quality forage is needed for the short term. The cover of all three annuals declined through time ( fig. 1 ; estimate = −0.18, SE = 0.006, p < 0.001). Both annual ryegrass (mean cover = 57.33%, SE = 10.65) and Blando brome (mean cover = 36.06%, SE = 12.58) demonstrated significantly higher cover than Winfred forage brassica (mean cover = 28.28%, SE = 13.22) through time, likely because they have the ability to produce seeds. Only annual ryegrass showed significantly lower cover on Tehama soil (mean cover = 51.17%, SE = 11.71) than on Arbuckle soil (mean cover = 63.51%, SE = 9.10; estimate = −0.22, SE = 0.03, p < 0.001).
Although most perennial varieties seeded in 2009 decreased in cover through time ( fig. 2) , several hardinggrass varieties, including Perla koleagrass (estimate = 0.199, SE = 0.02, p < 0.001), and Flecha tall fescue (estimate = 0.21, SE = 0.02, p < 0.001) either maintained or increased cover through time. The varieties that performed the best in the short term (i.e., between 1 and 3 years after seeding), which included Gala brome (mean cover = 78.05%, SE = 5.5), Grouse chicory (mean cover = 79.85%, SE = 8.1) and Tonic plantain (mean cover = 79.8%, SE = 7.7), were unable to maintain cover well. The varieties that demonstrated the best cover for multiple years were Berber orchardgrass (mean cover = 58.3%, SE = 10.3), Flecha tall fescue (mean cover = 57.48%, SE = 10.6) and Perla koleagrass (mean cover = 65.03%, SE = 9.3).
Although the overall cover of varieties seeded in 2010 did not change through time (estimate = −0.07, SE = 0.10, p = 0.48; fig. 2 ), some varieties, such as Advanced AT (estimate = 0.18, SE = 0.01, p < 0.001), did increase in cover through time. We also found that varieties seeded in 2010 demonstrated idiosyncratic differences in cover in response to the different soil types. For example, Advanced AT (estimate = 0.18, SE = 0.02, p < 0.001) and Australian II hardinggrasses (estimate = 0.44, SE = 0.04, p < 0.001) consistently demonstrated better cover on the Tehama soil through time ( fig. 2) . Although Luna pubescent wheatgrass was the forage that performed best in the short term (mean cover = 50.8%, SE = 6.05), Holdfast hardinggrass performed the best overall (mean cover = 51.9%, SE = 10.7).
As might be expected, forage production (table 2) was positively correlated with percentage cover for both annual (r = 0.53, t = 9.29, p < 0.001) and perennial forage species (r = 0.61, t = 33.86, p < 0.001). Average invasive annual grass and yellow starthistle cover also differed among the forage seeding treatments (tables 3 and 4). For forage annuals seeded in 2009, there was a negative correlation between bare ground and forage cover (r = −0.49, t = −9.43, p < 0.001), as well as between weed cover and forage cover (r = −0.66, t = −9.48, p < 0.001). 
Clear differences in cover, production
We considered a forage variety successful if it produced a stand of 50% ground cover, thus expressing its relative dominance over all other species. Clear differences were obvious in the performance of annual vs. perennial forage varieties in providing forage (cover and production) from a single seeding in the short term (1 to 3 years) and long term (> 3 years). To maintain the stand of any of the seeded annuals in the trial, even the reseeding varieties, we suggest resowing within a few years, which has been suggested elsewhere (Papanastasis 1976) .
Performance of annual grass species
Because the annual grass varieties Blando brome and Gulf annual ryegrass provided high cover and production quickly, they appear to be good candidates for forage in the year they are seeded (fig 1., table 2 ). Blando brome does not appear to be as productive as annual ryegrass. Though a robust stand in terms of cover never occurred from annual ryegrass reseeding, as a volunteer stand in subsequent years, annual ryegrass cover in the seeded plots was double the annual ryegrass cover in the control and produced 1,274 pounds per acre dry matter in 2014 (2,870 pounds per acre vs. 1,596 pounds per acre dry matter, table 2). Although both annual grasses in the trial were capable of producing seeds for germination in subsequent years, sustained cover after the seeding year was unreliable, difficult to differentiate from the natural seedbank and always below our target of a dominant stand that exceeds 50% cover.
Performance of herb forage species
The annual herb Winfred forage brassica produced a robust stand in the year of seeding but should be considered a single-season crop due to its lack of seed production. We would not expect this forage to have enough time to mature and produce seeds in a dryland situation.
Perennial herbs Tonic plantain and Grouse chicory established well the first year, with some plants surviving into the second season. Although the surviving second-year plants looked healthy early in the season, almost no plants were evident in the third season. When the surviving herbs were grazed in the second season (2010-2011), they did not appear to recover and regrow, which made us speculate that the herbs were best suited to a single-harvest situation. The herb species appear to be options for a short rotation before another crop, or when a high-quality source of forage is needed for the short term.
Performance of perennial forage species
None of the perennial forage varieties investigated in this study established fast enough to be grazed in their seedling year. In management scenarios, perennial grass forage production should be considered zero in the first year, as stands appear to be easily damaged by grazing during establishment. This could be due to the slow growth rate of seedling perennials compared to seedling annuals (Garnier 1992) , which causes seedling perennials to be easily uprooted prior to establishment. Although withholding grazing the first year of a perennial seeding will enhance establishment, the loss of a season of grazing incurs a substantial cost (USDA NASS 2013) and must be considered in ranch planning.
If the grazing deferment period can be tolerated, perennial grasses provide a more stable ground cover for a longer period than annuals. They also produce abundant forage. In 2014, the six top-producing perennial grasses ranged from nearly three (Berber orchardgrass) to four (Advanced AT hardinggrass) times more productive than the unseeded control (table 2). We found this increased forage production particularly impressive because, unlike the sampling in the control, which included weighing all plants in the quadrat, sampling of the seeded quadrats included only the weight of the seeded forage species, and excluded all other species.
Most perennial seedings looked successful at the completion of the seedling year, but they did not all survive the first summer. Although we did not quantify summer dormancy, we assumed failed forages did not exhibit enough summer dormancy to survive, in contrast to those that successfully maintained a stand into the second year. For example, the failure of Paiute orchardgrass ( fig. 2 ) was unexpected because it appeared to have good seedling vigor and has been recommended for seeding in semi-arid dryland situations (Monsen and Stevens 1985) . Of the three orchardgrass varieties tested, only Berber survived the hot, dry summer of this California foothills region. Likewise, though Gala brome is considered a perennial species for drought areas (Stewart 1992) , individual plants did not survive their first summer. Gala did produce an abundance of seeds, giving it the capacity to regenerate a stand in the short term (second year only).
Like Norton et al. (2006) , we found that Flecha tall fescue displayed enough summer dormancy to survive the rainless summer. To our knowledge, this is the first test of Flecha tall fescue in California, though it has been tested in the Southern Great Plains (Malinowski et al. 2005) . Results from our study suggest that Flecha fescue appears to be highly productive, producing 3.3 times more forage than the unseeded control. It should be considered a viable candidate for improving California rangelands if a perennial grass is desired.
We found all of the hardinggrass varieties adequately adapted for summer survival, with seedings of Perla koleagrass, Advanced AT and Holdfast all successful and highly productive. Even though Australian II did not produce the 50% ground cover we considered necessary for a successful stand, the stand remained stable after the first year ( fig. 2) , though it did not produce any more forage than the unseeded control in 2014. Perla koleagrass was developed in California by the California Agricultural Experiment Station and USDA (USDA SCS 1985) , which has made it the most commonly planted cultivar of hardinggrass, although seed is not available every year. In the absence of adequate Perla koleagrass seed, Australian-bred varieties Holdfast and Advanced AT appear to be viable replacement options.
The only native perennial grass tested was Anderson blue wildrye. The blue wildrye stand had the same number of plants per square foot in 2014 as Perla koleagrass, Berber orchardgrass and Flecha tall fescue (table  1) , but it never reached our target of 50% cover of the seeded forage ( fig. 2 ). This could be due to its upright (rather than bunching) growth habit. Blue wildrye plants survived well; however, we are not confident in the ability of blue wildrye, seeded alone, to suppress weed invasion, especially compared to the other The six top-producing perennial grasses ranged from nearly three (Berber orchardgrass) to four (Advanced AT hardinggrass) times more productive than the unseeded control.
Holdfast hardinggrass, a perennial developed in Australia, proved to be a viable replacement for Perla koleagrass if Perla seeds are not available.
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perennials, which were able to sequester more ground cover (table 3) . Blue wildrye produced significantly less forage than the top six nonnative perennial grasses; however, it still produced nearly double the amount of forage as the control in 2014 (3,047 pounds per acre compared to 1,596 pounds per acre dry matter, respectively; table 2).
The utility of wheatgrass varieties for forage is limited by their season of growth. Unlike the results from trials in higher elevation areas (Enloe et al. 2005) , results from our study in California foothill rangelands suggest that wheatgrass varieties should not be used for short-or long-term forage cover. Only Alkar tall, Luna pubescent and Rush intermediate wheatgrasses even produced initial stands, and these declined once grazed. Of all the perennial wheatgrasses seeded, only Alkar tall produced more forage than the unseeded control in 2014, which we attribute to a relatively high dry matter weight of individual plants because the stand lacked robust cover.
Seeding of crested wheatgrass varieties failed to produce a single successful stand. We suspect that their late spring and early summer growing season did not match this climate. It is likely that moisture was limited during early summer, at their peak growth phase. They germinated, but the plants failed to survive the first summer. Borman et al. (1991) documented that the lack of fall and winter growth of crested wheatgrass varieties makes them highly susceptible to annual grass invasion (table 3) . In accordance with findings by Borman et al. (1991) , we found the most successful perennial grasses commenced growth early in the fall, continued through winter and peaked in late spring.
Ability of forage seedings to prevent weed invasion
Perennial grasses differed in their ability to prevent the invasion of annual grasses. During the 2014 season, we monitored the percentage cover of annual grasses that had encroached into the perennial plots (table  3) . No seeded forages entirely prevented annual grass invasion, but several clearly limited invasion. Annual grass invasion into perennial grass plots ranged from 22% to 73% of the plot area. Surprisingly, invasion of annual grasses into established perennial grass stands was not largely different from, and even slightly less than, recorded by Borman et al (1991) . For example, our annual grass invasion into Berber orchardgrass was 37% compared to their 44%, and into tall wheatgrass it was 58% compared to their 65%. We found this very encouraging in terms of the success of our seeding in a production environment that was far less optimal than the transplanting method used in the Borman et al. (1991) study.
In 2014, we also recorded yellow starthistle cover. Of particular interest was the ability of all perennial forage species to suppress yellow starthistle (table 4), including those that showed almost no suppression of annual grass invasion. Yellow starthistle cover was nearly zero in all of the established perennial grass plots even though the abundance of yellow starthistle around the plots made the opportunity of invasion clearly evident. Gulf annual ryegrass and Blando brome were not as successful at preventing yellow starthistle invasion, which was significant because they had been seeded in the same manner as the perennial grasses, creating an equal comparison to evaluate resistance to invasion. This data suggests that seeding perennial grasses, rather than annual grasses, is a viable management approach to controlling yellow starthistle in Northern California's Mediterranean climate.
Effect of soil type
In these trials, soil type had little effect on overall production and cover, suggesting that although the two soil types differed in available water storage, both were adequate for growth of annual and perennial forages. This was unexpected because different soils are typically characterized by dissimilar moisture, chemical and mycorrhizal content, which can directly affect forage production (e.g., Bennett and Doss 1960; Lambert and Cole 1979) . However, because we did identify some variety-specific soil responses, further research in annual rangeland systems that tests these forage species in different soil types, including shallower soils, would be of value.
Short-and long-term recommendations
Life cycle (annual or perennial) should be the primary consideration in determining suitable forage choices for either the short or long term. It is not recommended to seed perennial and annual grasses simultaneously. However, if the addition of annuals is desired, sowing them after the perennial grasses are established would ensure the perennials are not outcompeted during the seedling stage (Lodge 2000) . In cases where short-term forage production and weed suppression are management priorities, this work suggests that annual ryegrass and/or soft brome are the most viable options. For longer-term production without reseeding, best forage candidates are mostly perennials, including Flecha tall fescue, hardinggrass (Perla koleagrass, Holdfast, Advanced AT) or Berber orchardgrass, as a mix or a monoculture. c
